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Pollinator plantings can be expensive and seed cost is consistently identified as a barrier 

to implementation of CP-42 or other habitat practices designed to support wildlife or ecosystem 

functions.  We evaluated the effectiveness of commercially available seed mixtures, including 

those that were designed for CRP cover practices, for supporting pollinators using newly 

developed methods (Williams and Lonsdorf 2018) that incorporates observations of the benefits 

of particular plants to bees and seed costs of each plant species. We tested the process in three 

parts of the country where we have sufficient data: California, Minnesota and Pennsylvania/New 

Jersey. We found that one could save from $200 to $900 per acre and still support the same 

number of bees. The approach of maximizing the benefits of a mix at the least cost are 

generalizable to multiple objectives and could be applied to CRP cover practices.   

 

Introduction 

Challenges to honey bee health and global declines in wild pollinators have led to 

increased awareness of the need to restore floral-rich habitat on both public and private lands. 

The Pollinator Health Task Force (2015) called for the establishment or enhancement of 7 

million acres of pollinator habitat by 2020, and multiple initiatives by USDA and partnerships 

between private companies and NGOs are focused on creation or restoration of pollinator 

habitat. While the Pollinator Habitat Initiative practice (CP42) of the Farm Service Agencyôs 

Conservation Reserve Program specifically targets support of honey bees and diverse wild 

pollinator communities, all cover practices could be modified to support pollinators. However, 

pollinator plantings can be expensive and seed cost is consistently identified as a barrier to 

implementation of CP42 or other habitat practices designed to support wildlife or ecosystem 

functions. The use of seed mixtures that emphasize plant species that demonstrably support 
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pollinators, bloom at the right time and are compatible with land management practices can 

increase cost effectiveness of habitat plantings and encourage the native seed market. Recent 

work aligning plant-pollinator interaction data with the species composition of wildflower 

mixtures used in pollinator restoration plantings demonstrates the potential for increasing cost-

effectiveness of these mixes by including plants that support the greatest diversity of bees and 

excluding those providing no benefit (Harmon-Threatt and Hendrix 2015, Otto et al. 2017). 

Computational methods can be applied to identify plant mixes that optimize one or multiple 

criteria when designing seed mixes (MôGonigle et al. 2015; Williams and Lonsdorf 2018), such 

that bee diversity can be maximized while minimizing cost. We evaluated the effectiveness of 

commercially available seed mixtures, including those that were designed for CRP cover 

practices, for supporting pollinators using newly developed methods (Williams and Lonsdorf 

2018 that incorporate observations of the benefits of particular plants to bees and seed costs of 

each plant species. We contacted seed vendors from three regions in the US and gathered data 

on mixes they sell, including those used in CRP plantings as well as the cost of the mix. Then 

we used knowledge of plant-pollinator networks to predict how many bees those mixes support.  

Finally, we applied a genetic algorithm to determine if we could create seed mixes that are 

either cheaper, support more bee species or both.   

 

Approach to problem 

Our goal is to develop a process that facilitates more cost-effective enhancement 

practices supported by CRP and other federal programs designed to support pollinators.  We 

tested the process in three parts of the country where we have sufficient data: California, 

Minnesota and Pennsylvania/New Jersey. In each of these regions, we have good knowledge 

and data on plant-pollinator interactions.  We used these data to build and test a three-step 

approach to evaluation and improvement.   

 First, we evaluated existing mixesô ability to support bees.  We gathered existing 

information on the seed mixtures currently being used and identify the source vendor of those 

seed mixes. Co-PI Kimiora interviewed NRCS staff to determine what seed mixes are in use for 

a variety of CRP-like cover practices in each region, and consulted seed vendors to quantify the 

relative costs of each species in the mix. Using plant-pollinator interaction data from previous 

studies (Forrest 2015; Williams and Ward in preparation for CA; Cariveau and Bruninga-Scolar 

for MN and PA) we quantified the relative contribution of each mix to supporting a diverse wild 

bee community.  Second, we applied a recently created seed mix design model (Williams and 

Lonsdorf 2018) to suggest cost-effective regional plant mixes based on expected pricing to 

improve the mixôs ability to support pollinators at reduced costs. The base model predicts the 

ability of a plant species mix to support wild bees.  The model integrates 4 types of input: (1) the 

phenology of individual bee species that are the targets to be supported by a plant mix; (2) the 

phenologies of potential plant species; (3) a plant-pollinator interaction matrix identifying those 

plant species that are used as pollen and/or nectar resources by each bee species; (4) the 

expected cost to include a plant species in the mix. We use the model to design cost-effective 

mixes using a genetic algorithm that applies principles of evolution to solve for a mix that 

supports the most bees given a budget.  Third, the results of steps one and two, allows us to 

compare the costs and benefits of the original mixes to the optimized mixes. Such data can then 

be used to compare the costs and benefits of alternative sets of plant species that fully support 
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a bee, or set of bees, defined by the goal. The same approach can be generalized to include 

additional plant or bee traits that might influence selection toward a defined goal (e.g., whether a 

given plant species is drought tolerant or whether a given bee is a known to pollinate a crop of 

interest). We quantified the cost-savings and added benefits of this analysis.      

The previous work by Williams and Lonsdorf 

(2018) treated the decision about plant species to 

include as a binary problem, i.e. whether to include a 

species or not, rather than a question of how much.   

In this previous work, the cost of including a species 

was fixed and its ability to support pollinators was 

not dependent on the amount planted. The analysis 

was focused on the set of species included, rather 

than how much of each to include.  We planned to 

follow this approach but a preliminary analysis of 

vendor mixes using a binary approach revealed that 

many mixes were cheaper due to the amount of 

seed used per acre in addition the choice of species 

used.  Thus we amended the approach so that the 

decision for each species was how much to include 

in the mix rather than simply whether or not to include it. While there is a general belief that 

increased seeding density leads to increased plant and flowering, there are few quantitative 

data to support this. So we have used the assumptions that increasing floral density increases 

with seeding rates and that increasing floral density increases the likelihood that bees are 

supported.        

The CP42 Pollinator Habitat Initiative began in 2012, and by Sep 2018 there were 

507,439 cumulative acres installed on CRP-enrolled lands nationwide (Conservation Reserve 

Program Monthly Summary Sept 2018). Our three focal regions differ substantially in CP42 

acreage (Figure 1), and this resulted in large differences in the numbers of seed vendors 

focused on providing seed mixes for pollinator habitat, as well as in the availability of CRP-

allowable pre-designed mixes. 
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Figure 1. Acres enrolled in CRP nationwide, with cumulative acreage of CP42 pollinator 

plantings installed as of September 2018 in the three focal regions 

MN: 14,599 

cumulative acres 

in CP42 

PA&NJ: 10&42 

cumulative acres 

in CP42 

CA: 1,182 

cumulative 

acres in CP42 
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Minnesota 

Minnesota had 14,995 acres 

of CP42 pollinator habitat installed 

on CRP-enrolled lands as of 

September 2018. Requirements of 

CP42 in Minnesota specify that 

plantings shall contain a minimum of 

9 species of pollinator friendly forbs, 

with additional forbs encouraged. At 

least three species shall be from 

each bloom period - early, mid and 

late flowering season so that 

pollinators have continuous food 

sources. A minimum of two native 

bunch grasses are to provide nest 

sites. The mixture must result in 35-

40 seeds/sf, with forbs comprising 

75-80% of the mixture based on 

seeds/sf. Individual forb species are 

not to exceed 20% of the forb 

component by seeds/sf. CRP 

practices aimed at erosion control or 

wildlife habitat have much lower 

requirements for the inclusion of 

forbs, with CP2 -- Establishment of 

Permanent Native Grasses and 

CP4d -- Permanent Wildlife Habitat 

requiring 10% forbs and CP25 -- 

Rare and Declining Habitat requiring 

40% forbs. Nevertheless these practices could be optimized for benefit to pollinators through 

intelligent selection of cost-effective forb species, thus adding benefit to pollinators while 

meeting the goals of erosion control and habitat for other wildlife. 

Rather than purchasing pre-mixed CP42 mixes, landowners typically develop seed 

mixes at the enrollment level in consultation with NRCS staff and seed vendors. These mixes 

are tailored to the soils, water availability, management history and weed pressure on the 

individual site, as well as being influenced by the availability and market for seed of each native 

species in the year of establishment. State Biologist Mark Oja and other NRCS staff in 

Minnesota have developed a sophisticated seed calculator tool to assist vendors and with the 

design of seed mixes to ensure specifications are met (Figure 2).  
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Figure 2. Seed mix calculator tool for CP42 plantings in Minnesota 
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We interviewed 20 vendors selling pollinator mixes for restoration plantings in 

Minnesota, and although the majority of CRP seed mixes are individually tailored, we were able 

to obtain data from six of these vendors on the species composition and costs of federal cost 

share and other pollinator mixes that major vendors pre-mix and make widely available (Table 

1). 

 

Table 1. Vendors surveyed in each state. Bolded text indicates vendors that provided detailed 

mix cost and species composition information 

 
Vendors provided cost and species composition information for 15 seed mixes meeting CP42 

specifications in Minnesota (Table 2), as well as 11 CP25 mixes and several other CRP mixes 


